US009455303B2

a2y United States Patent (10) Patent No.: US 9.455,303 B2

Fan et al. 45) Date of Patent: Sep. 27, 2016
(54) WHITE ORGANIC LIGHT EMITTING (56) References Cited
DEVICE -
U.S. PATENT DOCUMENTS
(71) AppllcantSShanghai Tianma AM-OLED CO" 852945161 B2 S 10/2012 HUHZ@ “““““““““ HOIL 51/5036
Ltd., Shanghai (CN); Tianma 257/40)
Micro-Electronics Co., Ltd., Shenzhen 2004/0238856 Al* 12/2004 Mkel .....ccceovvnenne, B29C 51/10
(CN) 257/222
2006/0214573 A 9/2006 Maeda et al.
. s : : 2007/0145349 Al 6/2007 Lu et al.
(72) Inventors: Liujing Fan, Shanghal (CN); Liyuan 2007/0286944 Al  12/2007 Yokoyama et al.
Luo, Shanghai (CN) 2008/0111474 A 5/2008 Sung et al.
2009/0085478 A 4/2009 Cok et al.
(73) Assignees: Shanghai Tiapma AM-OLED Co., (Continued)
Ltd., Shanghai (CN); Tianma
Micro-Electronics Co., Ltd., Shenzhen FOREIGN PATENT DOCUMENTS
(CN)
CN 1838427 A 9/2006
( *) Notice:  Subject to any disclaimer, the term of this CN 201112424 Y 9/2008
patent 1s extended or adjusted under 35 (Continued)
U.S.C. 154(b) by O days.
(b) by O days OTHER PUBLICATIONS
(21)  Appl. No.: 14/601,181 1st Office Action as received 1n corresponding Chinese Application
_ No. 201410307561.6 dated Jan. 25, 2016.
(22)  Filed: Jan. 20, 2015 2nd Ofhice Action as recerved in corresponding Chinese Application
No. 201410307561.6, dated Jul. 12, 2016.
(65) Prior Publication Data
US 2015/0380468 A1 Dec. 31, 2015 Primary Examiner —lex Malsawma
’ Assistant Examiner — Xia L Cross
(30) Foreign Application Priorit'y Data (74) AIIOP’HEJJJ Agenlﬂ, ov Firm — A]StOIl & BlI‘d LLLLP
Jun. 30, 2014 (CN) eooeveeeeeeeeen, 2014 1 0307561  (57) ABSTRACT

A white organic light emitting device 1s disclosed. The

(51) Int. Cl. device includes a first light emitting umt, which has first,

HOIL 27/32 (2006.01) second, and third light emitting element. The first light
HOIL 51/52 (2006.01) emitting element includes a blue light emitting material, the
(52) US. CL second light emitting element includes a yellow light emit-
CPC ... HOIL 27/3202 (2013.01); HOIL 27/3211 ting material, and the third light emitting element includes a
(2013.01); HOIL 51/5265 (2013.01); HOIL yellow light emitting material. In addition, the first light
225175361 (2013.01) emitting unit, the second light emitting unit and the third

(58) Field of Classification Search light emitting unit are arranged in parallel.

CPC HO1L 27/3211; HOI1L 51/5265
See application file for complete search history.

10 Claims, 4 Drawing Sheets

o
o
E:I
e
L
o
e
SRS
2ol
s
oy
5543
525
Lol
e
by
&
525
o
S
e
ﬁ&
i
iy
o

o P o PR R A e R e, 3 T “H{*§

spleieiddnererieita it ittt

iﬁ&ﬁ?%ﬁ&h&&ﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬂﬂﬂﬂﬂﬁfﬁﬁ%ﬁf QQQ 1€%§ Hﬁ%&
: et telels ﬁ%%. . ‘K\

G S s A S 0 .

. 71£1.**"ﬂ:t.ﬁﬁ**H.Iriﬁe.!*“ S N

£ _ \ _ 4 “




US 9,455,303 B2
Page 2

(56)

2009/0096359 Al*
2011/0284828 Al*
2014/0110682 Al*
2014/0374715 AlL*

2015/0008398 Al*

References Cited

U.S. PATENT DOCUM

4/2009 Lee ..oooovvevrninnnnn,
11/2011 Kai ...ccoovvveevivnnnnnnnn,
4/2014 Shih ....................
12/2014 Lee ....ccoovvrnnnnn,

1/2015 Lee ..oooovvvvviinnnnn,

2015/0243912 Al*

HOIL 51/5265

313/504

CO7F9/582 N

257/40 CN

HOIL 51/5265 N

257/40 CN

HO1L. 51/0004  CN

257/40 CN

HOIL 51/5212

257/40

8/2015 Strassner

............ HOIL 51/0087

FOREIGN PATENT DOCUMENTS

101331800 A 12/2008
101409330 A 4/2009
101821872 A 9/2010
103123926 A 5/2013
103165821 A 6/2013
103647026 A 3/2014

* cited by examiner

252/519.2



U.S. Patent

Sep. 27, 2016

Sheet 1 of 4

US 9,455,303 B2

R KK

B,

s
Kelelele

ﬂ}
25
RIEIST

ettt

WA
S
PETANS
ateteleteleeteets!
staleleleleletatelele
ootttk
Ea IS
SeleleTele e
et tetetatetelel
SSRGS
R0
2Tttt
e A S A A AN
S5 RESES
###ﬂ#ﬂﬁ#ﬂ@ﬁ#ﬂ#.
e OO S S SO0 RS
SRR RELELY

el lels
ettt bt
ataetotateletetetetetet
SRS

o<
2505052
e

A
%
oy

3
%

4
ﬁr
2

>

&
5%
S
50

L
%

LA
53
35

4
e
ﬁ@r
2503
%
(505

L

N o

L2 LT

e,
W W
Rjesetelelele:

W

$ \% _:7/ H
s : % qﬁﬁ§§§ ;zzggé_
:f{.ﬁ#;‘.;*;*;*;*;g* & _ it

S—

-} Aﬁ

FIG. 1(a)




U.S. Patent Sep. 27, 2016 Sheet 2 of 4 US 9,455,303 B2

Fa Wi e, N, PR, R, am  ph SR FLE LI W

SRS SRR ot SRR 5 % ' o W
g ﬁ*&*t“"#ﬁ&&&?ﬁ*ﬁi*ﬁﬂﬁﬁrﬁﬁﬁﬁﬁﬁﬁﬁ"'ﬁﬁ""#"*i* .
R N N I A N
R Rt S AR R S LA S S SIS .
Rt I R R R R R s e SO Sl R W :
et N L N N R N N ‘{\ . .
?I// \ ////

n-_ﬁ“-'_—ﬂ_-_ﬁ

FIG. 1(b)



US 9,455,303 B2

Sheet 3 of 4

Sep. 27, 2016

U.S. Patent

"
l
l
I
I
!
I
!
I
I
I
I
I
!
!
!
!
!
I
!
I
I
I
I
!

J

100

==

it#:ﬁb*
:f*

T
3335
355
o,
o
55
K

)

i

7

o P P
35555
S
’

S
A

o
o

[

REZ
d&
55
¢
%
e

e
q&
o
o8
%
KK

AN
3RS
et %
et
25855
olelele
ot le e

il

S
ﬁr
%
%25
g

7

ey oo coane Sieie DA TEEL AN EEEE ST TN SN SR el GANTE R IR SIS BT W e

10

FIG. 2



U.S. Patent Sep. 27, 2016 Sheet 4 of 4 US 9,455,303 B2

y
=
\

407 "“““'\{_/f’“’ :

l t ,
I

403 N%///////////////////f//% %// i

e
-
W

I
|
|
|
|
I
I
|
|
|
I
[
I
I
|
|
I
|
i
|
I
|
I
;
I
I
l
I
;
I
|
|
|
I
[
|
P~
|
!
l
|
|
|
|
!
|
l
I
|
I
|
|
|
!
I
|
W S

FIG. 3



US 9,455,303 B2

1

WHITE ORGANIC LIGHT EMITTING
DEVICE

This application claims the benefit of priority to Chinese
Patent Application No. 201410307561.6, filed with the
Chinese Patent Office on Jun. 30, 2014 and entitled “WHITE

ORGANIC LIGHT EMITTING DEVICE, the content of
which 1s 1incorporated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The disclosure relates to the field of organic light emitting
technology, and 1n particular to a white organic light emit-
ting device with a wider range for adjusting color tempera-
ture.

BACKGROUND OF THE INVENTION

A white organic light emitting device 1s capable of gen-
crating efhicient and saturated white light and has features
such as a low driven voltage, good flexibility of matenal,
and a large area for display. Therefore, the white organic
light emitting device has a great application potential 1n
fields such as mformation display and solid state lighting.
However, factors such as high production cost and unstable
performance restrict industrialization process of the white
organic light emitting device. From a view of device struc-
ture, the white organic light emitting device 1s mainly
classified as a single-layer light emitting structure and a
multilayer light emitting structure. A disadvantage of a
device with the single-layer light emitting structure i1s low
light emitting efliciency. A device with the multilayer light
emitting structure 1s used to generate white light by comple-
mentary color layers (such as a blue light layer and a
yellow-orange light layer), or implement white light emuis-
sion by multiple light emitting layers of three primary colors
of red, green and blue. The multilayer light emitting struc-
ture has a better performance and ideal white light can be
obtained by controlling each light emitting layer, but the
light emitting layers may have different light emitting etli-
ciency due to different driven voltages and may have dii-
ferent operating lives, which may aflfect chromaticity coor-
dinates and stability.

The 1deal white light 1s implemented by mixing the three
primary colors of red, green and blue, and a waveband of the
emitted light of materials should cover the whole visible
light region, so that full spectrum emission can be acquired,
and light emitted by a prepared device has a saturated color
and a high color rendition index (CRI).

Performance of the organic light emitting device 1s related
to the material and may also be adjusted by changing the
structure of the light emitting diode. A Fabry-Perot (F-P)
optical microcavity eflect of the organic light emitting
device causes an increase of intensity of an emission peak at
a certain wavelength and a narrowed band, and tunability of
the wavelength and color display can be achieved. The
organic light emitting diode having the microcavity ellect
has a structure capable of selecting an optical mode by a
microcavity, therefore narrowband emission of a particular
wavelength can be achieved.

The organic light emitting diode 1s formed by an anode,
a cathode and an organic layer which includes a light
emitting layer. To improve transportation and balance of
clectrons or holes, the organic light emitting diode usually
includes an electronic (hole) transport layer and an electron
(hole) 1njection layer. In preparing the light emitting diode
with the microcavity structure, a reasonable design for an
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2

optical length of the cavity 1s required, and a resonant cavity
with retlectors 1n which light 1s retlected back and forth 1s
also required, where one of the reflectors 1s usually formed
by a metal electrode of the organic light emitting diode.

BRIEF SUMMARY OF THE

INVENTION

One 1ventive aspect 1s a white organic light emitting,
device. The device includes a first light emitting unit, which
has first, second, and third light emitting element. The first
light emitting element includes a blue light emitting mate-
rial, the second light emitting element includes a yellow
light emitting material, and the third light emitting element
includes a yellow light emitting material. In addition, the
first light emitting unit, the second light emitting unit and the
third light emitting unit are arranged 1n parallel.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1(a) 1s a schematic plan view of a white organic light
emitting device according to an embodiment of the disclo-
sure.

FIG. 1(b) 1s a schematic sectional view of a white organic
light emitting device according to an embodiment of the
disclosure.

FIG. 2 1s a schematic sectional view of a first light
emitting unit of a white organic light emitting device accord-
ing to a preferred embodiment of the disclosure.

FIG. 3 1s a schematic sectional view of a white organic
light emitting device according to a preferred embodiment
of the disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

For better understanding of the technical content of the
present disclosure, the technical content 1s described below
by embodiments of the disclosure 1n conjunction with the
drawings. The drawings and the embodiments are not limi-
tations of the disclosure, and persons of ordinary skill in the
art can make some modifications and improvements within
the principle of the disclosure, therefore scope of the dis-
closure should be subjected to the scope limited by the
claims.

FIG. 1(a) 1s a schematic plan view of a white organic light
emitting device according to an embodiment of the disclo-
sure. FIG. 1(b) 1s a schematic sectional view ol a white
organic light emitting device according to an embodiment of
the disclosure. Referring to FIG. 1(a) and FIG. 1(b), the
white organic light emitting device according to the embodi-
ment of the disclosure includes: a substrate 10, a first light
emitting unit 100, a second light emitting unit 200 and a
third light emitting unit 300. The first light emitting unit 100,
the second light emitting unit 200 and the third light emitting
unmt 300 are arranged 1n parallel on the substrate 10. The first
light emitting unit 100 includes a first light emitting element
101, the second light emitting unit 200 includes a second
light emitting element 201, and the third light emitting unit
300 includes a third light emitting element 301.

The light emitting units of the white organic light emitting
device according to the embodiment of the disclosure are
arranged 1n parallel on the substrate, which can ensure
stabilities of voltages for the light emitting units, so that each
light emitting unit has more stable light emitting efliciency,
and thus performances such as color stability and color
purity of light emitted by the light-emitting device are better.
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White light of the white organic light emitting device may
be achieved by mixing complementary colors, therefore, the
first light emitting element may 1nclude blue light emitting
maternal, and the second light emitting element and the third
light emitting element include yellow light emitting mate-
rial. The blue light emitting material may be phosphores-
cence blue light emitting material Flr6(FIrpic):mCP, 1.e.,
Bis[2-(4,6-difluorophenyl)pyridinato-C2, N](picolinato)
iridium(III): 1,3-D1-9-carbazolylbenzene. The yellow light
emitting material may be phosphorescence yellow light
emitting material Ir(2-phqg)2(acac):CBP, 1.e., Tris(2-phe-
nylquinoline-C2, NYiridium(IIl): 4,4'-Bis(N-carbazolyl)-1,
1'-biphenyl. A peak position of an intrinsic emission spec-
trum of the blue light emitting material ranges from 430 nm
to 480 nm, and a peak position of an intrinsic emission
spectrum of the yellow light emitting material ranges from
560 nm to 600 nm. Furthermore, for convenience of manu-
facture process, the second light emitting element and the
third light emitting element may include the same yellow
light emitting material.

Light emitting efliciency of the yellow light emitting

material 1s high, therefore, light emitting efliciency of the
white organic light emitting device can be improved by
using complementation of blue light and vyellow light to
implement emission of the white light.
In a case that the first light emitting element uses the blue
light emitting material, and the second light emitting ele-
ment and the third light emitting element use the yellow light
emitting material, structures of the light emitting units may
be further improved to obtain white light by mixing three
primary colors of red, green and blue. A preferred embodi-
ment 1s described 1n detail below 1n terms of the structure of
the light emitting unat.

FIG. 2 1s a schematic sectional view of a first light
emitting unit of a white organic light emitting device accord-
ing to the preferred embodiment of the disclosure. Referring
to FIG. 2, the first light emitting unit 100 includes a cathode
102 and an anode 103, and the first light emitting element
101 1s arranged between the cathode 102 and the anode 103.
The first light emitting unit may further include a hole
injection layer 104, a hole transport layer 106, an electron
injection layer 105 and an electron transport layer 107.
These layers can improve transportation and balance of
clectrons or holes.

By designing the structure of the light emitting unit,
tunability of a wavelength can be implemented by using an
optical microcavity. To form the optical microcavity 1n the
light emitting unit, a resonant cavity with reflectors 1n which
light 1s reflected back and forth 1s required. The retlectors of
the resonant cavity of the first light emitting unit 100 are
achieved by retlective surfaces of the cathode 102 and the
anode 103. Therefore, the anode 103 includes conductive
material having retlection characteristic. The anode 103 may
have a structure of single-layer conductive material, and the
conductive material may be metal such as silver, gold, nickel
or platinum, or may be transparent conductive oxide such as
ITO or ZnO. Alternatively, the anode 103 may have a
multilayer structure such as AI/ITO, Ag/ITO, Al/Ni1 or Al/Pt.
Regardless of the single-layer structure or the multilayer
structure of the anode 103, in a case that the anode 103
includes a metal layer, the reflective surface of the anode 103
1s a metal layer of the anode 103 which 1s closest to the first
light emitting element 101; 1n a case that the anode 103 only
includes transparent conductive material, the reflective sur-
tace of the anode 103 1s a layer of the anode 103 which 1s
closest to the first light emitting element 101, and the
reflective surface of the anode 103 forms a retlector of the
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resonant cavity. Similarly, the cathode 102 includes conduc-
tive material having reflection characteristic. The cathode
102 may be made of magnesium silver alloy or lithium
aluminum alloy, or may be made of transparent conductive
material such as I'TO. Similarly, the cathode 102 may have
a single-layer structure or a multilayer structure. In a case
that the cathode 102 includes a metal layer, the reflective
surface of the cathode 102 1s a metal layer of the cathode 102
which 1s closest to the first light emitting element 101; 1n a
case that the cathode 102 only includes transparent conduc-
tive material, the reflective surface of the cathode 102 1s a
layer of the cathode 102 which 1s closest to the first light
emitting element 101, and the reflective surface of the
cathode 102 forms another retlector of the resonant cavity.
In a top-emission organic light emitting device, an anode
usually includes metal conductive material and has a good
reflection performance, and a cathode 1s usually made of
transparent conductive material to ensure light transmission
and has a half-reflection performance.

The reflective surfaces of the cathode 102 and the anode
103 of the first light emitting unit 100 form the resonant
cavity with reflectors of the first light emitting unit 100, 1.e.,
an optical microcavity. Before describing the structure of the
optical microcavity of the first light emitting unit 100, an
optical length of the optical microcavity 1s described.

An optical length L of the optical microcavity 1s calcu-
lated by the following formula (1):

(1)

where A 1s a wavelength 1n free space, n_.1s an eftective
refractive index of distributed Bragg reflectors (DBR), An 1s
a difference between a high refraction index and a low
refraction index of DBR, n, and d, are respectively a retrac-
tive mndex and a thickness of an 1th layer in the optical
microcavity, and ®_ 1s a phase shift of the metal retlector.
The first item of the formula of the optical length represents
an eflective tunneling depth of light relative to DBR, the
second 1tem of the formula represents a total optical thick-
ness ol the optical microcavity, and the third item of the
formula represents an optical length caused by a phase shift
of the light relative to the metal reflector. Compared with a
value of the second 1tem, values of the first item and the third
item are very small, therefore, the first item and the third
item may not be considered in designing the structure of the
optical microcavity 1n practice.

Therefore, 1n designing the optical length of the optical
microcavity of the light emitting unit, the following formula
(2) 1s referred to:

(2)

L= andj

In a case that the light wavelength satisfies the following
formula (3), an optical resonant mode of the cavity is
achieved:

(3)
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where m 1s a positive integer, A 1s a peak wavelength of
light emission for the microcavity, and A 1s within a range
of an emission spectrum of the light emitting unit without a
microcavity, and L 1s an optical length of the optical micro-
cavity. It can be seen from the formula (3) that since the
wavelength satisfying resonance 1s not the same as a peak
wavelength of the organic light emitting unit without a
microcavity, the peak may shift. For optical microcavities
with different structures, the optical length may be deter-
mined by proper items, and the emission wavelength of the
light emitting unit with an optical microcavity 1s finally
determined by the formula (2) and the formula (3).

The formula (2) and the formula (3) may be combined

into the following formula (4):

(4)

Zjﬂjdj = %nm

By designing a proper optical length of the optical micro-
cavity, the peak wavelength of the light emission from the
optical microcavity may shiit within a range of the emission
spectrum of the organic light emitting unit without an optical
microcavity.

In a preferred embodiment of the disclosure, the first light
emitting unit 100 1s designed to emait blue light, and the peak
wavelength of the light emission from the first light emaitting,
unit 100 1s 1n a wavelength range of the blue light, 1.e., a
range from 430 nm to 480 nm.

The optical microcavity 1s formed between reflective
surfaces of the anode 103 and the cathode 102 of the first
light emitting unit 100, and the optical microcavity of the
first light emitting unit 100 satisfies the following formula

(5):

Ap
Zﬂeidef = & M

i

(3)

where n, 1s a refractive index of an 1th layer 1n the optical
microcavity of the first light emitting unit 100, d;, 1s a
thickness of the 1th layer in the optical microcavity of the
first light emitting unit 100, A, 1s a wavelength of the blue
light predetermined to be emitted by the first light emitting
unit 100, and m, 1s a modulus of the optical microcavity of
the first light emitting unit 100, which 1s a positive integer.

The optical microcavity of the first light emitting unit 100
includes the first light emitting element 101, and may also
include the hole mjection layer 104, the hole transport layer
106, the electron injection layer 105 and the electron trans-
port layer 107. In addition, 11 a transparent conductive layer
1s arranged on the reflective surface of the cathode 102
which 1s close to the first light emitting element 101, or if a
transparent conductive layer 1s arranged on the reflective
surface of the anode 103 which 1s close to the first light
emitting element 101, the thickness of the transparent con-
ductive layer 1s included 1n the optical length of the optical
microcavity.

In addition, it can be known from the optical resonance
formula (3) that the peak wavelength of light emission from
the microcavity should be 1 a range of the emission
spectrum of the first light emitting unit 100 without a
microcavity, therefore A, in the formula (35) 1s 1n a wave-
length range of an intrinsic emission spectrum of the first
light emitting element 101.
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6

m 1s a modulus of the optical microcavity of the first light
emitting unit 100, which 1s a positive integer. Theoretically,
mz; may be any integer, and may be selected by overall
consideration in view of process, device life, efliciency and
device performance, which 1s not described 1n detail herein.

The structure of the second light emitting unit 1s similar
to the structure of the first light emitting unit. An optical
microcavity 1s formed between retlective surfaces of an
anode and a cathode of the second light emitting unit. The
second light emitting umt differs from the first light emitting
unit 1n that, the second light emitting unit 1s designed to emait
green light, that 1s, a peak wavelength of light emission of
the second light emitting unit 1s 1n a range from 3500 nm to
560 nm, according to a preferred embodiment of the dis-
closure. Light intrinsically emitted by the second light
emitting element 1s yellow light, that 1s, the light emitted by
the second light emitting element without a microcavity 1s
the yellew light. Since wavelengths of green light and red
light exist 1n the spectrum range of the yellow light, a proper
optical microcavity may be designed to make a peak wave-
length of the yellow light emitted by the second light
emitting element have a blue shift and the peak wavelength
of the light finally emitted by the second light emitting unit
be 1n a wavelength range of the green light. The optical
microcavity of the second light emitting umt satisfies the
following formula (6):

(6)

where n, 1s a refractive index of an 1th layer 1n the optical
microcavity of the second light emitting unit, d., 1s a
thickness of the ith layer in the optical microcavity of the
second light emitting unit, A 1s a wavelength of the green
light predetermined to be emitted by the second light emut-
ting unit, and m; 1s a modulus of the optical microcavity of
the second light emitting unit, which 1s a positive integer.

Similarly, the optical microcavity of the second light
emitting unit includes the second light emitting element, and
may also include a hole ijection layer, a hole transport
layer, an electron injection layer and an electron transport
layer. In addition, 1f a transparent conductive layer is
arranged on a retlective surface of the cathode which 1s close
to the second light emitting element, or 1f a transparent
conductive layer 1s arranged on a reflective surface of the
anode which 1s close to the second light emitting element,
the thickness of the transparent conductive layer 1s included
in the optical length of the optical microcavity.

In addition, 1t can be known from the optical resonance
tformula (3) that the peak wavelength of light emission from
the microcavity should be 1n a range of a emission spectrum
of the second light emitting unit without a microcavity,
therefore, A 1n formula (6) 1s 1n a wavelength range of an
intrinsic emission spectrum of the second light emitting
clement.

m,; 1s a modulus of the optical microcavity of the second
light emitting unit, which 1s a positive integer. Theoretically,
m, may be any 111teger and may be Selected by overall
consideration 1n view of process, device life, efliciency and
device performance, which 1s not described in detail herein.

The structure of the third light emitting unit 1s also similar
to the structure of the first light emitting unit. An optical
microcavity 1s formed between reflective surfaces of an
anode and a cathode of the third light emitting unit. The third
light emitting unit differs from the first light emitting unit 1n
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that, the third light emitting unit 1s designed to emait red light,
that 1s, a peak wavelength of light emission of the third light
emitting unit 1s 1n a range from 600 nm to 650 nm, according
to a preferred embodiment of the disclosure. Light intrinsi-
cally emitted by the third light emitting element 1s yellow >
light, that 1s, the light emitted by the third light emitting
clement without a microcavity 1s the yellow light. Since
wavelengths of green light and red light exist 1n a spectrum
range of the yellow light, a proper optical microcavity may
be designed to make a peak wavelength of the yellow light 10
emitted by the third light emitting element have a red shift
and the peak wavelength of the light finally emitted by the
third light emitting unit be in a wavelength range of the red
light. The optical microcavity of the third light emitting unit
satisfies the following formula (7): 15

Ap (7)
Zﬂmdm = & MR

20

where n,, 1s a refractive index of an 1th layer 1n the optical
microcavity of the third light emitting unit, d,. 1s a thickness
of the i1th layer in the optical microcavity of the third light
emitting unit, A, 1s a wavelength of the red light predeter- 25
mined to be emitted by the third light emitting unit, and m,
1s a modulus of the optical microcavity of the third light
emitting unit, which 1s a positive integer.

Similarly, the optical microcavity of the third light emiat-
ting unit includes the third light emitting element, and may 30
also 1nclude a hole 1njection layer, a hole transport layer, an
clectron 1njection layer and an electron transport layer. In
addition, 1f a transparent conductive layer 1s arranged on a
reflective surface of the cathode which 1s close to the third
light emitting element, or 1f a transparent conductive layer 1s 35
arranged on a reflective surface of the anode which 1s close
to the third light emitting element, the thickness of the
transparent conductive layer 1s included in the optical length
of the optical microcavity.

In addition, 1t can be known from the optical resonance 40
formula (3) that a peak wavelength of light emission from
the microcavity should be 1n a range of an emission spec-
trum of the third light emitting unit without a microcavity,
therefore, A, 1n the formula (7) 1s 1n a wavelength range of
an intrinsic emission spectrum of the third light emitting 45
clement.

m, 1s a modulus of the optical microcavity of the third
light emitting unit, which 1s a positive integer. Theoretically,
m, may be any integer, and may be selected by overall
consideration 1n view of process, device life, efliciency and 50
device performance, which 1s not described in detail herein.

By adjusting the structure of each light emitting unit,
white light 1s obtained by mixture of three primary colors of
red, green and blue 1n the preferred embodiment of the
disclosure. In this way, full spectrum emission 1s achieved, 55
and light emitted by a prepared white organic light emitting
device has a saturated color and a high CRI. In addition,
since light emitting efliciency of vellow light emitting
material 1s high, white light 1s obtained by mixing three
primary colors of red, green and blue for the white organic 60
light emitting device according to the preferred embodiment
of the disclosure, with high light emitting efliciency being
kept. In addition, degree for adjusting ratios of the primary
colors 1s greater, and the color temperature of the white light
obtained has a wider range. 65

Conditions which should be satisfied by the structures of
the light emitting units are respectively discussed above. In
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a case that the conditions are satisfied, the first light emitting
umt 100, the second light emitting unit 200 and the third
light emitting unit 300 may be made of different materials
respectively. However, for convenience of process, the first
light emitting unit 100, the second light emitting unit 200
and the third light emitting unit 300 may share a common
anode. The first light emitting unit 100, the second light
emitting unit 200 and the third light emitting unit 300 may
share a common cathode. The hole injection layers of the
first light emitting unit 100, the second light emitting unit
200 and the third light emitting unit 100 may be made of the
same material. The hole transport layers of the light emitting
units may be made of the same matenal. The electron
injection layers of the light emitting units may be made of
the same maternial. The electron transport layers of the light
emitting units may be made of the same matenial. FIG. 3 1s
a schematic sectional view of a white organic light emitting
device according to a preferred embodiment of the disclo-
sure. Referring to FIG. 3, except light emitting elements, all
other layers are shared among the first light emitting unit
100, the second light emitting unit 200 and the third light
emitting unit 300. An anode 403, a hole 1jection layer 405,
a hole transport layer 407, light emitting elements, an
clectron transport layer 406, an electron injection layer 404
and a cathode 402 are sequentially stacked on the substrate
10. The first light emitting element 101 1s made of blue light
emitting material different from yellow light emitting mate-
rial used by the second light emitting element 201 and the
third light emitting element 301. The second light emitting
clement 201 and the third light emitting element 301 are
made of yellow light emitting material and the yellow light
emitting material may be shared among the second light
emitting element 201 and the third light emitting element
301. Since optical lengths of the optical microcavities of the
light emitting units are different, material 1s shared among
the layers of the light emitting units with the thicknesses of
the layers being different, which 1s not shown 1n the FIG. 3.

An implementation 1s provided in the following according
to the preferred embodiments of the disclosure.

The white organic light emitting device 1n the implemen-
tation 1includes an anode, a first hole 1injection layer, a second
hole mjection layer, a hole transport layer, a light emitting
clement, an electron transport layer, an electron 1njection
layer and a cathode, which are sequentially stacked on a
substrate. Anodes, first hole 1injection layers, hole transport
layers, electron transport layers, electron injection layers and
cathodes of the light emitting units are made of the same
material and have the same thickness.

The anode includes a first ITO layer with a thickness of
15 nm, an Ag reflective layer with a thickness of 100 nm and
a second ITO layer with a thickness of 15 nm, which are
sequentially stacked.

The first hole mjection layers are made of CuPc and have
a thickness of 30 nm.

The hole transport layers are made of 4,4'-Cyclohex-
ylidenebis[N,N-bis(4-methylphenyl) aniline] (TAPC) and
have a thickness of 40 nm.

The electron transport layers are made of 2,9-dimethyl-
4.’7-diphenyl-1,10-phenanthroline (BCP) and have a thick-
ness of 30 nm.

The electron 1njection layers are made of Liq(8-hydroxy-
quinolinato lithium) and have a thickness of 10 nm.

The cathodes are formed through co-evaporation of mag-
nesium and silver and have a thickness of 15 nm.

The second hole injection layers of the light emitting units
are made of 2,3,6,7,10,11-hexacyano-1,4,5,8,9,12-hexaaza-

triphenylene (HAT-CN), but have different thicknesses. The
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thickness of the second hole injection layer of the first light
emitting unit 1s 60 nm, the thickness of the second hole
injection layer of the second light emitting unit 1s 100 nm,
and the thickness of the second hole 1njection layer of the
third light emitting unit 1s 140 nm.

The first light emitting element of the first light emitting
unit 1s made ol 5% doped Firpic:mCP, 1.e., Bis[2-(4,6-
difluorophenyl)pyridinato-C2, N](picolinato) iridium(III):
1,3-D1-9-carbazolylbenzene, and has a thickness of 25 nm.

The second light emitting element of the second light
emitting unit 1s made of 4% doped Ir(2-phqg)2(acac):CBP,
i.e., Tris(2-phenylquinoline-C*, N"iridium(I1I): 4,4'-Bis(N-
carbazolyl)-1,1'-biphenyl, and has a thickness of 30 nm.

The third light emitting element of the third light emitting
unit 1s made of 4% doped Ir(2-phqg)2(acac):CBP, 1.e., Tris
(2-phenylquinoline-C*, NYiridium(III): 4.4'-Bis(N-carba-
zolyl)-1, 1'-biphenyl, and has a thickness 1s 40 nm.

For the white organic light emitting device 1n the imple-
mentation, a peak wavelength of light emission of the first
light emitting unit 1s 460 nm, and light with the peak
wavelength 1s blue light. A peak wavelength of light emis-
sion of the second light emitting unit 1s 550 nm, and light
with the peak wavelength 1s green light. A peak wavelength
of light emission of the third light emitting umit 1s 630 nm,
and light with the peak wavelength 1s red light. Light of the
three colors 1s mixed together on a light emergence surface
of the white organic light emitting device to form white
light.

The white organic light emitting device according to the
disclosure 1s applicable to a lighting device. For the lighting
device using the white organic light emitting device accord-
ing to the embodiments of the disclosure, light emitting
elliciency 1s high, stability 1s good, saturation of the emitted
white light 1s good, and a range for adjusting color tempera-
ture 1s wide.

What 1s claimed 1s:
1. A white organic light emitting device, comprising:
a first light emitting unit, comprising a first light emitting,
clement, wherein the first light emitting element com-
prises blue light emitting matenal;
a second light emitting unit, comprising a second light
emitting clement, wherein the second light emitting
clement comprises yellow light emitting material; and
a third light emitting unit, comprising a third light emait-
ting element, wherein the third light emitting element
comprises vellow light emitting material;
wherein the first light emitting unit, the second light
emitting umt and the third light emitting unit are
arranged 1n parallel,

wherein the first light emitting unit comprises a pair of
a cathode and an anode and the first light emitting
clement 1s arranged therebetween; the second light
emitting unit comprises a pair of a cathode and an
anode and the second light emitting element 1s
arranged therebetween; and the third light emitting
unit comprises a pair of a cathode and an anode and
the third light emitting element 1s arranged therebe-
tween,

wherein a hole injection layer, a hole transport layer, an
clectron 1njection layer and an electron transport
layer are between each pair of the anodes and the
cathodes of the first light emitting unit, the second
light emitting unit and the third light emitting unit,

wherein the anode of the first light emitting unit com-
prises a first I'TO layer with a thickness of 15 nm, an
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Ag reflective layer with a thickness of 100 nm and a
second ITO layer with a thickness of 15 nm, which
are sequentially stacked;

the hole injection layer of the first light emitting unit
comprises a first hole injection layer, which 1s made
of CuPc and has a thickness of 30 nm, and a second

hole mjection layer, which 1s made of 2,3,6,7,10,11-

hexacyano-1,4,5,8,9,12-hexaazatriphenylene (HAT-
CN) and has a thlckness of 60 nm, and the first hole
injection layer and the second hole 1njection layer are
sequentially stacked;

the hole transport layer of the first light emitting unit 1s
made of 4,4'-Cyclohexylidenebis|N,N-bis(4-methyl-
phenyl)aniline] (TAPC) and has a thickness of 40
nm;

the electron transport layer of the first light emitting
unit 1s made of 2,9-dimethyl-4.7-diphenyl-1,10-
phenanthroline (BCP) and has a thickness of 30 nm;

the electron injection layer of the first light emitting
unit 1s made of Lig(8-hydroxy-quinolinato lithium)
and has a thickness of 10 nm;

the cathode of the first light emitting unit 1s formed
through co-evaporation of magnesium and silver and
has a thickness of 15 nm: and

the first light emitting element of the first light emitting
unit 1s made of 5% doped Flrpic:mCP which 1s
Bis[2-(4,6-difluorophenyl )pyridinato-C2, N](picoli-
nato) iridium(III): 1,3-Di1-9-carbazolylbenzene, and
has a thickness of 25 nm,

wherein the anode of the second light emitting unit
comprises a first I'TO layer with a thickness of 15 nm,
an Ag reflective layer with a thickness of 100 nm and
a second I'TO layer with a thickness of 15 nm, which
are sequentially stacked;

the hole 1njection layer of the second light emitting unit
comprises a first hole imjection layer, which 1s made
of CuPc and has a thickness of 30 nm, and a second

hole 1jection layer, which 1s made of 2,3,6,7,10,11-

hexacyano-1,4,5,8,9,12-hexaazatriphenylene (HAT-
CN) and has a thlckness of 100 nm, and the first hole
injection layer and the second hole 1njection layer are
sequentially stacked;

the hole transport layer of the second light emitting unit
1s made of 4,4'-Cyclohexylidenebis| N,N-bis(4-meth-
ylphenyl) aniline] (TAPC) and has a thickness of 40
nm;

the electron transport layer of the second light emitting
unit 15 made of 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline (BCP) and has a thickness of 30 nm;

the electron injection layer of the second light emitting
unit 1s made of Lig(8-hydroxy-quinolinato lithium)
and has a thickness of 10 nm;

the cathode of the second light emitting unit 1s formed
through co-evaporation of magnesium and silver and
has a thickness of 15 nm; and

the second light emitting element of the second light
emitting unit 1s made of 4% doped Ir(2-phq)2(acac):
CBP which is Tris(2-phenylquinoline-C?, NYiridium
(III): 4,4'-Bis(N-carbazolyl)-1,1'-biphenyl, and has a
thickness of 30 nm, and

wherein the anode of the third light emitting umit
comprises a {irst I'TO layer with a thickness of 15 nm,
an Ag reflective layer with a thickness of 100 nm and
a second I'TO layer with a thickness of 15 nm, which
are sequentially stacked;

the hole mjection layer of the third light emitting unit
comprises a first hole injection layer, which 1s made
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of CuPc and has a thickness of 30 nm, and a second
hole 1mjection layer, which 1s made of 2,3,6,7,10,11-

hexacyano-1,4,5,8,9,12-hexaazatriphenylene (HAT-
CN) and has a thickness of 140 nm, and the first hole

injection layer and the second hole 1njection layer are
sequentially stacked;

the hole transport layer of the third light emitting unit
1s made of 4,4'-Cyclohexylidenebis| N,N-bis(4-meth-
ylphenyl) aniline] (TAPC) and has a thickness of 40
nm;

the electron transport layer of the third light emitting
unit 1s made of 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline (BCP) and has a thickness of 30 nm;

the electron injection layer of the third light emitting
unit 1s made of Lig(8-hydroxy-quinolinato lithium)
and has a thickness of 10 nm;

the cathode of the third light emitting unit 1s formed
through co-evaporation of magnesium and silver and
has a thickness of 15 nm; and

the third light emitting element of the third light
emitting unit 1s made of 4% doped Ir(2-phq)2(acac):
CBP which is Tris(2-phenylquinoline-C*, N"iridium
(III): 4,4'-Bis(N-carbazolyl)-1,1'-biphenyl, and has a
thickness 1s 40 nm.

2. The white organic light emitting device according to
claam 1, wherein a peak position of an intrinsic emission
spectrum of the blue light emitting material of the first light
emitting element ranges from 430 nm to 480 nm, and a peak
position of an intrinsic emission spectrum of the yellow light
emitting material of the second light emitting element and a
peak position of an intrinsic emission spectrum of the yellow
light emitting material of the third light emitting element
range from 560 nm to 600 nm.

3. The white organic light emitting device according to
claim 2, wherein the yellow light emitting maternial of the
second light emitting element 1s the same as the yellow light
emitting material of the third light emitting element.

4. The white organic light emitting device according to
claim 1, wherein each of the anodes of the first light emitting
unit, the second light emitting unit and the third light
emitting unit comprises a metal conductive layer, and each
of the cathodes of the first light emitting unit, the second
light emitting unit and the third light emitting unit comprises
a transparent conductive layer.

5. The white organic light emitting device according to
claim 1, wherein the first light emitting unit emits blue light,
and a peak wavelength of the blue light emitted by the first
light emitting unit ranges from 430 nm to 480 nm.

6. The white organic light emitting device according to
claim 5, wherein an optical microcavity 1s formed between
reflective surfaces of the anode and the cathode of the first
light emitting unit, and the optical microcavity of the first
light emitting unit satisfies the following formula:

Ap
Zﬂﬂf dp; = = M5
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wherein ng, 1s a refractive imndex of an ith layer in the
optical microcavity of the first light emitting unit, d, 1s
a thickness of the 1th layer 1n the optical microcavity of
the first light emitting unit, A, 1s a wavelength of the
blue light predetermined to be emitted by the first light
emitting unit, and m, 1s a modulus of the optical
microcavity of the first light emitting unit, which 1s a
positive integer.

7. The white organic light emitting device according to
claim 1, wherein a spectrum of yellow light emitted by the
second light emitting element of the second light emitting
unit has a blue shift, the second light emitting unit emits
green light, and a peak wavelength of the green light emitted
by the second light emitting unit ranges from 300 nm to 560
nm.

8. The white organic light emitting device according to
claim 7, wherein an optical microcavity 1s formed between
reflective surfaces of the anode and the cathode of the
second light emitting unit, and the optical microcavity

satisfies following formula:

Zﬂc;fdcf = /%Gmc:

i

wherein n,, 1s a refractive index of an 1th layer in the
optical microcavity of the second light emitting unat,
d;, 1s a thickness of the ith layer 1n the optical micro-
cavity of the second light emitting unit, A 1s a wave-
length of the green light predetermined to be emitted by
the second light emitting unit, and m_; 1s a modulus of
the optical microcavity of the second light emitting
unit, which 1s a positive integer.

9. The white organic light emitting device according to
claim 1, wherein a spectrum of yellow light emitted by the
third light emitting element of the third light emitting unit
has a red shift, the third light emitting umt emits red light,
and a peak wavelength of the red light emitted by the third
light emitting unit ranges from 600 nm to 650 nm.

10. The white organic light emitting device according to
claim 9, wherein an optical microcavity 1s formed between
reflective surfaces of the anode and the cathode of the third
light emitting unit, and the optical microcavity satisfies
tollowing formula:

AR
Znﬁidﬁi = & MR

i

wherein ng, 1s a refractive imndex of an 1th layer in the
optical microcavity of the third light emitting unit, d,
1s a thickness of the 1th layer in the optical microcavity
of the third light emitting unit, A, 1s a wavelength of the
red light predetermined to be emitted by the third light
emitting unit, and m, 1s a modulus of the optical
microcavity of the third light emitting unit, which 1s a
positive integer.
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